The present study was carried out in the period 2006-2008 based on an experiment established in 2005. The study evaluated the effect of conservation and plough tillage as well as of four catch crops on the level of infection by fungal pathogens of the stem base and roots of the spring wheat cultivar 'Zebra' grown in monoculture. The species composition of fungi colonizing the stem base and roots of spring wheat was determined. The split-plot design of the experiment set up on rendzina soil included plough tillage and conservation tillage with autumn and spring disking of catch crops. The experiment used four methods for regeneration of the spring wheat monoculture stand using the following: undersown red clover and Westerwolds ryegrass crops as well as lacy phacelia and white mustard stubble crops. Plots without catch crops were the control treatment.
INTRODUCTION
Conservation tillage changes physical, chemical and biological properties of soil. In the initial period of its use, this tillage system can also result in an increased level of infection of cereals by fungal pathogens (A r v i d s s o n , 1998; K i e c a n a et al. 2002 ; P a -ł y s et al. 2004 ). In reduced tillage systems, plant residues remaining on the field surface and being a source of inoculum of many fungal species as well as high soil moisture content are conducive to increased infection of the stem base and roots of cereals by fungal pathogens (Ł a c i c o w a et al. 1985 ; R o t h r o c k , 1992; K i e c a n a et al. 2002 ; B a i l e y and L a z a r o v i t s , 2003). At the same time, conservation tillage has an effect on the increase in organic matter content and soil biological activity. As a result of higher numbers and higher diversity of antagonist microorganisms, the incidence of plant diseases can be reduced (S t u r z et al. 1997 ; H o l l a n d , 2004).
Growing cereals one after another involves the risk of the occurrence of increased infection of plants by stem F. avenaceum, and F. graminearum , are considered to be the causal agents of stem base infection and root necrosis in cereals (Ł a c i c o w a et al. 1990 ; K i e c a n a and M i e l n i c z u k , 2001; D o o h a n et al. 2003 ; K ur o w s k i and A d a m i a k , 2007).
The aim of the present study was to evaluate the effect of conservation and plough tillage as well as of various catch crops on the level of pathogen-induced infection of the stem base and roots of the spring wheat cultivar 'Zebra' grown in monoculture. The species composition of fungi colonizing the stem base and roots was also evaluated.
MATERIALS AND METHODS
The present study was carried out in the period [2006] [2007] [2008] The design of a static two-factor experiment, set up using the split-plot method in four replications, included plough tillage (A) and two conservation tillage methods with autumn (B) or spring (C) disking of catch crops. The other factor comprised four methods for regeneration of the spring wheat monoculture stand in the form of undersown crops (red clover, Westerwolds ryegrass) and stubble crops (lacy phacelia, white mustard). The plots without undersown crops and stubble crops were the control treatment. The harvest plot area was 30 m 2 . Winter wheat grown in this field for 3 years was the forecrop for spring wheat. In 2005 spring wheat and all catch crops (both undersown crops and stubble crops) were sown and tillage was done in accordance with the methodological assumptions, treating this year as the preliminary year.
Plough tillage, preparing the field for spring wheat, started with skimming and harrowing after the harvest of the forecrop. Before the winter, ploughing was done to a medium depth burying catch crop biomass. In the spring harrowing was performed, and before sowing cultivating and harrowing were done.
Mineral fertilization was as follows: N-60+40 kg×ha . Phosphorus and potassium fertilization as well as the first portion of nitrogen were applied in the spring before sowing. The second dose of nitrogen at the rate of 40 kg ha -1 was incorporated at the beginning of shooting . Spring wheat cv. 'Zebra' was sown at the rate of 5 million seeds per ha. Seeds were dressed with the seed dressing Panoctine 350 SL. Red clover cv. ) and Westerwolds ryegrass cv. ) were sown on the date of spring wheat sowing. Lacy phacelia cv. 'Stala' (20 kg×ha -1 ) and white mustard cv. ) were seeded following the harvest of spring wheat and after performing post-harvest treatments in the second decade of August.
In the conservation tillage treatments (B and C), after the forecrop was harvested in the plots without undersown red clover and Westerwolds ryegrass, grubbing to a depth of 18-20 cm and harrowing were done. Subsequently, lacy phacelia and white mustard were sown, in the same way as in the plough tillage treatment. In one treatment the catch crops were disked before the winter (B), whereas in the other treatment (C) they were left as mulch for the winter and disking was done in the spring. In the treatments with autumn disking of catch crops (B), spring tillage was the same as in the plough tillage treatment. In the plots with the other conservation tillage treatment (C), the field was harrowed after disking had been done, and then harrowing was repeated before sowing spring wheat.
The wheat crop protection programme included the herbicide Chwastox Extra 300 SL 3.5 dm The infected lower parts of the stem and roots were taken for laboratory examination. They were subjected to mycological analysis that was carried out by the dish method in accordance with the rules commonly accepted in phytopathology. To this end, 100 sections (5 mm) of diseased roots and stems (sampled earlier to evaluate the degree of infection) were placed on Petri dishes filled with mineral medium (Ł a c i c o w a , 1970). To identify fungi isolated from the infected plants, similar papers were used as in the study of K i e c a n a et al. (2009) .
The obtained results were statistically analysed by analysis of variance. The mean values were compared by means of least significant differences using Tukey's test.
RESULTS AND DISCUSSION
The present study found an increasing trend in plant infection in the treatments with conservation tillage compared to plough tillage, which was confirmed by the calculated values of the infection index. In the conservation tillage plots with spring incorporation of catch crops, the disease index was slightly higher than in the conservation tillage treatments with autumn disking of catch crops. But the statistical analysis did not confirm the significance of differences (Table 2) . Tillage reductions used by A r v i d s s o n (1998) and confirmed by K i e c a n a et al. (2002) In the present study, the disease index determined for spring wheat in the treatments with undersown red clover as well as with white mustard and lacy phacelia stubble crops was significantly lower than in the control treatment without catch crops ( Table 2) . P ar y l a k (2004) and W o j c i e c h o w s k i (2008) report that the ploughing in of stubble crops improves the health of spring and winter wheat, in particular the incorporation of white mustard biomass into the soil. After the incorporation of catch crops in a spring barley monoculture, K w i a t k o w s k i (2009) also found the value of the stem base infection index to decrease. M a j c h r z a k et al. (2004, 2005) noted an improvement in phytosanitary conditions in spring and winter wheat monocultures as a result of the incorporation of a catch crop from the Brassicaceae family.
In the first year of the study, the disease index was significantly lower than in the next two years of observation ( Table 2) . The interaction found between tillage systems and years indicates that the disease index was significantly higher in the plough tillage system only in 2007 compared to the years 2006 and 2008. On the other hand, in the conservation tillage treatments with autumn disking of catch crops, in 2006 the disease index of spring wheat was significantly lower than in 2008. In the last year of the study, the plant disease index was also significantly lower in the plough tillage treatments in comparison with the conservation tillage treatments with autumn incorporation of catch crops (Table 2) .
In (Table 2) . The mycological analysis of diseased spring wheat plants showed that, irrespective of the tillage system and type of catch crop, stem base and root necrosis was caused by fungi of the genus Fusarium, which is indicated by the number of isolates isolated from the investigated organs of spring wheat (Tables 3-5) .
Over the study period of 2006-2008, the highest number of fungal isolates from the stem base was obtained from plants in the conservation tillage treatments in which catch crops were disked in the spring. The lowest number of fungal colonies was sampled from plants grown under the plough system (Table 3) . Among the species isolated from the stem base, fungi of the genus Fusarium were obtained in great numbers; they were represented by F. avenaceum, F. culmorum, F. crookwellense, F. equiseti, F. graminearum, F. oxysporum, F. poae, and F. sporotrichioides. In the case of plants derived from the plough tillage treatments, fungi of the genus Fusarium accounted for 75.2% of total isolations. As regards plants sampled from the conservation tillage plots with autumn disking of catch crops, fungi of the genus Fusarium made up 79.1% of all isolates, whereas in the case of plants from the treatments where catch crops were disked in the spring, fungi of the genus Fusarium accounted for 71.2% of total isolations (Table 3) . F. culmorum proved to be the dominant species among Fusarium spp. isolated from the stem base. Isolates of this fungus constituted 41.0% of colonies obtained from the ploughed plots, 43.2% of plants from the conservation tillage treatments with autumn disking of catch crops, and 58.5% of plants derived from the conservation tillage treatments with spring incorporation of catch crops (Table 3) . This fungus proved to be the main cause of stem base disease in winter and spring wheat in the study of Weber et al. (2001) ; however, in addition to F. culmorum, F. equiseti also colonized the stem base in a high percentage, in particular in the plough tillage treatment. In the present study, this species was also noted much more frequently on the stem base of spring wheat grown using plough tillage (Table 3) (2003) occurred in the plots where catch crop biomass had been ploughed under in the autumn, compared to its incorporation in the spring. But W i n d e l s and W i e rs m a (1992) found no effect of the tillage system on spring wheat infection by F. culmorum.
The number of fungal isolates obtained from the roots of plants growing in all tillage treatments was similar, but the lowest number of fungal colonies was derived from plants growing in the conservation tillage treatments with spring disking of catch crops (Table 3) .
The highest number of fungal colonies isolated from the roots of spring wheat, similarly as in the case of the stem base in all tillage treatments, was obtained from fungi of the genus Fusarium belonging 8 species (Table 3) . Fusarium spp. isolates derived from the roots of plants growing in the ploughed plot accounted for 68.6% of total isolations, for 71.1% of all isolates sampled from the roots of plants growing in the conservation tillage treatments with autumn disking of catch crops, and for 71.7% in the conventional tillage treatment with spring disking of catch crops (Table  3) . Alongside F. culmorum, F. avenaceum, which is known to be harmful to wheat, proved to be a species damaging spring wheat roots in the tillage treatments under evaluation (T u r n e r et al. 1999 ; K u r o w s k i and M a j c h r z a k , 2000; P e t t i t t et al. 2003 ; K ur o w s k i and A d a m i a k , 2007; F e r n a n d e z et al. 2009 ; W e b e r and K i t a , 2010). The occurrence of the above-mentioned species in all tillage treatments confirms the high competitive ability of these fungi enabling them to survive in soil, which primarily causes roots to be infected (Ł a c i c o w a and K i e c an a , 1987). The deep burial of post-harvest residues, which are a source of inoculum of various Fusarium spp., is a treatment that reduces infection of cereals by these fungi (P a r r y et al. 1995) . Tillage reductions consisting in replacing ploughing with disking create favourable conditions for the development of fungi of the genus Fusarium (T r u s z k o w s k a et al. 1980 ). This should provide an explanation for the more numerous isolations of fungi of the genus Fusarium from the roots of plants derived from the conventional tillage treatments where ploughing was not done (Table  3) . F. crookwellense, considered to be a pathogen of cereals, was not found to occur on the roots and stem base of plants growing in the conservation tillage treatment with spring disking of catch crops (K i e c a n a and M i e l n i c z u k , 2001; K i e c a n a et al. 2003 ; M i e l n i c z u k , 2008).
The species F. oxysporum was isolated from the stem base and roots of plants in each tillage treatment (Table 3) . This fungus is not considered to be a pathogen of cereal plants which only play the role of secondary host making it easier for F. oxysporum to survive without the primary host (K i e c a n a et al. 2003, 2009 ). Isolates of this species isolated from the stem base and roots were found to have a significant percentage in the case of plants growing in the conservation tillage treatments with autumn incorporation of catch crops (Table 3) .
Plough tillage eliminated the occurrence of B. sorokiniana. Isolates of this fungus were obtained only from spring wheat plants in the conservation tillage treatments. Bipolaris sorokiniana is a serious threat to cereals, in particular barley and wheat, in different climatic regions of the world and since the 1970's also for barley and wheat grown in Poland (W i n d e l s and W i e r s m a , 1992; Ł a c i c o w a et al. 1993 ; K i ec a n a et al. 2002 ; S h e n g -X i u l a n g et al. 1999 ; F e r n a n d e z et al. 2000 ; P e r e l l o et al. 2002 ; K i e c a n a and C e g i e ł k o , 2007).
Compared to conservation tillage, plough tillage eliminated Rhizoctonia solani on the stem base of spring wheat (Table 3) . The fungus Rhizoctonia solani derived from the roots of plants growing in all tillage treatments is considered to be an additional infectious factor causing base stem diseases of cereals, including wheat (Ł a c i c o w a et al. 1993 ; W a g n e r , 1996). This fungus infects the tips of young roots in the soil, which in effect inhibits plant growth and yield (Ł ac i c o w a et al. 1990 ). This species was not noted on the stem base of plants derived from the plough tillage treatments. It should be presumed that this tillage system was beneficial for the development of fungi of the genus Trichoderma and Penicillium, well-known antagonists to R. solani, whose isolates made up 8.3% of the total number of isolates obtained from the stem base, which is confirmed by M a j c h r z a k (1985) as well as by P i ę t a and K ę s i k (2005).
In the treatments with undersown red clover crops, the percentage of fungal species of the genus Fusarium isolated from the stem base was 65.5% and it was distinctly lower than in the other catch-cropped treatments (Table 4) . A reverse relationship was found with respect to the percentage of these species isolated from the roots of spring wheat. In the treatments with red clover catch crops, the percentage of fungi of the genus Fusarium was 72.8% of total isolations and it was higher than in the other treatments under evaluation (Table 5 ). The application of lacy phacelia and white mustard as stubble crops was found to result in a decrease in the percentage of fungi of the genus Fusarium derived from the roots of spring wheat in comparison with the control and with plants obtained from the treatments with red clover and Westerwolds ryegrass ( Table 5) .
As regards the stand regeneration methods in the form of undersown crops compared to the control, it was found that the application of undersown red clover as well as of lacy phacelia and white mustard stubble crops contributed to a reduction in the development of F. culmorum on the roots of spring wheat (Table 5) . The percentage of isolates of this fungus isolated from the roots of control plants was 48.3% , whereas in the treatment with red clover it was 45.4%, with lacy phacelia 40.7%, and with white mustard 40.2% (Table 5) . The beneficial effect of the white mustard stubble crop on the health of roots of spring barley and spring wheat was also found by L e m a ń c z y k and W i l c z e ws k i (2006) as well as by Wojciechowski (2008) . The species F. culmorum had a significant percentage among the species damaging the stem base and roots of wheat grown with undersown Westerwolds ryegrass compared to the control treatment, which is indicated by the high percentage of isolates of this pathogen obtained from these organs (Tables 4-5). F. sporotrichioides, considered to be a weak pathogen of cereals, was also isolated from infected spring wheat plants (K i ec a n a and K o c y ł a k , 1999).
The species Trichoderma koningii is thought to be an effective mycoparasite on species of the genus Fusarium, in particular F. culmorum (Ł a c i c o w a and P i ę t a , 1985). The percentage of F. culmorum isolates was the lowest on the stem base (Tables 4-5) in the treatments with lacy phacelia and, additionally, on the roots in the treatments with white mustard where the highest percentage proportion of isolates of the above--mentioned species was found. M a j c h r z a k (1985) also reports that a large number of fungi of the genus Trichoderma and Penicillium determine the resistance of the soil environment to pathogens causing root and stem base rots. Plant biomass incorporated into the soil, contributing to increased soil biological activity, may lead to an improvement in its phytosanitary condition (L e m a ń c z y k and W i l c z e w s k i , 2008).
The species Bipolaris sorokiniana could have participated in damaging the stem base and roots of plants from the control treatment and from the treatment with undersown Westerwolds ryegrass (Tables  4-5 ). This fungus can also infect stems and roots of grasses of the genus Lolium and can be a potential source of inoculum for the main crop (H e n g and Y u e n , 1989, according to C e g i e ł k o , 2006). A -plough tillage B -conservation tillage with autumn disking of catch crops C -conservation tillage with spring disking of catch crops Influence of climatic factors on Fusarium species pathogenic to cereals. . F e r n a n d e z M . R . , C l a r k e J . M . , P a u w R . M . , I rv i n e R . B . , K n o x R . E . , 2000. Black point reaction of durum and common wheat cultivars grown under irrigation in Southern Saskatchewean. Plant Dis. 84: 892-894. F e r n a n d e z M . R . , H o l z g a n g G . , Tu r k i n g t o n T. K . , 2009. K i e c a n a I . , P a ł y s E . , M i e l n i c z u k E . , K r a sk a P. , 2002. Wpływ sposobu uprawy roli i poziomu nawożenia na zdrowotność siewek jęczmienia. / The effect of tillage systems and fertilization levels on the health of barley seedlings. Zesz. Nauk. AR im. H. Kołłątaja w Krakowie, 387, 82: 59-63 (in Polish). K i e c a n a I . , M i e l n i c z u k E . , C e g i e ł k o M . , P s z c z ó ł k o w s k i P. , 2003. Badania nad chorobami podsuszkowymi owsa (Avena sativa L.) z uwzględnieniem temperatury i opadów. / Investigations on root and stem rot diseases of oat (Avena sativa L.) with a special regard to temperature and rainfall. Acta Agrob. 56 (1-2): 95-107 (in Polish). K i e c a n a I . , C e g i e ł k o M . , M i e l n i c z u k E . , 2009 
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